The Montreal Cognitive Assessment (MoCA) is a relatively newly designed test that was developed as a tool to screen patients with mild cognitive problems that are not typically detected by the Mini-Mental State Exam (MMSE). While early research suggests that the MoCA is more sensitive to subtle cognitive impairment than the MMSE, there is concern about potential decreased specificity when using the MoCA. The aim of the present study was to examine the comparative utility of using the MoCA and the MMSE to detect subtle cognitive impairment among a group of 82 middle-aged U.S. military veterans referred for outpatient neuropsychological testing. Using receiver operating characteristic analyses, the MoCA was shown to be a better predictor of subtle cognitive impairment on neuropsychological testing than the MMSE. When using an adjusted cutoff, the MoCA was shown to be more sensitive (i.e., 0.72 vs. 0.52) and nearly as specific as the MMSE (0.75 vs. 0.77).
Introduction
Screening tests are of great use to clinicians in identifying suspected cognitive impairment. The Montreal Cognitive Assessment (MoCA: Nasreddine et al., 2005 ) is a relatively new screening test that was "developed as a tool to screen patients who present with mild cognitive complaints and usually perform in the normal range on the MMSE" (p. 696). Initial studies have shown that the MoCA may, indeed, be more sensitive to cognitive impairment than the Mini-Mental State Exam (MMSE) across a variety of populations, including mild cognitive impairment (MCI) and mild Alzheimer's disease (Nasreddine et al., 2005) , transient ischemic attack and stroke (Pendlebury, Cuthbertson, Welch, Mehta, & Rothwell, 2010 ) and Parkinson's disease (Nazem et al., 2009) . However, there is growing concern that its increased sensitivity comes with an accompanying decrease in specificity.
In the initial validation study of 94 individuals with clinically diagnosed MCI, the authors of the MoCA showed that, using a cut-off score of ≤25 on both measures, the MMSE had a sensitivity of 18% for detecting MCI, while the sensitivity of the MoCA was higher, falling at 90% (Nasreddine et al., 2005) . In the same study, the MMSE had a sensitivity of 78% for detecting mild Alzheimer's disease among a separate group of patients clinically diagnosed with that disorder (N ¼ 93), while the MoCA detected 100%. Specificity was calculated separately among a group of 90 healthy elderly controls and was found to be 87% for the MoCA and 100% for the MMSE.
Other studies using clinical samples, rather than healthy controls, have not been quite so optimistic about the specificity of the MoCA. For example, in a study of 110 cardiovascular outpatients, using a cut-off of ≤23, the MoCA's sensitivity for detecting amnestic MCI was 100% and for multiple-domain MCI was 83%, while specificity rates were only 50% and 52%, respectively (McLennan, Mathias, Brennan, & Stewart, 2011) . Using the publisher-recommended cutoff of ≤25 on the MoCA, as used in the initial validation study, furthered lowered specificity. Specifically, the MoCA's sensitivity was 100% for detecting amnestic MCI and 83% for detecting multiple-domain MCI. However, specificity rates decreased to 29% and 30%, respectively.
Similarly, in a separate study comparing the MoCA with the MMSE among 95 patients with recent cerebral infarct or hemorrhage, specificity of the MoCA for detecting cognitive impairment was less than ideal (Godefroy et al., 2011) . Using raw scores and "published cutoffs," which were undeclared, the authors reported that the MoCA was indeed more sensitive than the MMSE, with sensitivity levels falling at 94% and 66%, respectively. However, the specificity of the MoCA was far worse than the MMSE, falling at 42% and 97% for each measure, respectively. Notably, due to concern about the effects of age and education on MoCA and MMSE scores, the authors computed new cutoffs for the MoCA (,20) and the MMSE (,24). Using these new cutoffs, it was shown that the MoCA was no longer more sensitive than the MMSE, with sensitivity levels falling at 67% and 70% for each measure, respectively. However, while still less than the specificity of the MMSE, which was 97%, the specificity of the MoCA, which was 90%, was much better than when using published cutoffs. Based on their findings, the authors concluded that the good sensitivity of the MoCA documented in most published studies is primarily attributable to the choice of cut-off scores, which favored sensitivity at the cost of specificity. They further recommended that the refinement of MoCA norms was mandatory for determining optimal cut-off scores.
Given the aforementioned concerns about the sensitivity and specificity of the MoCA, the aim of the present study was to examine the comparative utility of using the MoCA and the MMSE to detect subtle cognitive impairment. To provide optimal objectivity, subtle cognitive impairment was measured with a comprehensive neuropsychological battery. The sample employed was a group middle-aged U.S. military veterans clinically referred for outpatient cognitive testing, which was an ideal group for addressing the published proposal that the MoCA may be useful as a brief screening tool for cognitive impairment in neurologic diseases in younger populations (Ratchford, Ochoa, & Finney, 2008) . Consistent with previously published findings of greater sensitivity of the MoCA, it was hypothesized that, using published cutoffs, impairment on the MoCA would be seen with greater frequency than impairment on the MMSE. It was also hypothesized that the MoCA would be a better predictor of subtle cognitive impairment than would the MMSE. However, consistent with previously published findings, it was predicted that the optimal cutoff (i.e., determined using sensitivity/specificity values) for predicting cognitive impairment using the MoCA would be lower than the published suggested cut-off value of ≤25.
Method

Participants
Data were collected from the files of 82 outpatients referred to the lead author (K.A.W.) for neuropsychological testing at a Department of Veterans Affairs (VA) Medical Center. Referral sources included the Psychiatry Ambulatory Care Clinic, Polytrauma Clinic, Operation Iraqi Freedom/Operation Enduring Freedom Clinic, Primary Medical Clinics, and the Neurology Clinic. No patients were diagnosed with mental retardation. Consecutive referrals were reviewed for cases that passed the Test of Memory Malingering (Tombaugh, 1996) and were administered all neuropsychological measures used in the present study. As a rule, all patients referred to the lead author were administered the core neuropsychological battery (outlined in the Measures and Procedures section) used in the present study. The only exceptions were those patients referred for a retest, in which case they were administered a different stand-alone symptom validity test, and those patients who were referred for testing related to attention deficit hyperactivity disorder (ADHD), in which case they were generally given a different battery. Thus, patients referred for a retest or testing for ADHD were generally excluded from this study. It should be noted that, in the present study, all patients were primarily referred for neuropsychological evaluation to assess the potential presence of cognitive dysfunction, not primarily to assess for the presence of psychiatric disorder. See Table 1 for diagnoses mentioned by the referral source or in the patient's history at the time the patient was referred for cognitive testing.
In terms of patient demographics, age of participants ranged from 29 to 62, with a mean age of 56.1 years (SD ¼ 9.6). Highest year of education completed by participants ranged from 7 to 20, with a mean level of 13.1 years (SD ¼ 2.7). In terms of gender, 79 (96.3%) participants were men and 3 (3.7%) were women. Sixty-nine of 82 participants (84.1%) were Caucasian and 13 (15.9%) were African American.
Measures and Procedures
At the time of the study, participants' medical records were retrospectively reviewed and cases were categorized into groups according to whether they demonstrated cognitive impairment (n ¼ 29) or not (n ¼ 53). Cognitive impairment was defined as a score of ≤1.5 SD below the mean on two domains of neuropsychological testing. Neuropsychological tests were administered within the following domains: memory, sustained attention, language, executive function, and visual-spatial construction. For puposes of the present study, scores included in the memory domain were age-scaled scores from Logical Memory II and Visual Reproduction II of the Wechsler Memory Scale-IV (Wechsler, 2009) . Scores included in the sustained attention domain were normatively based Z-scores (Saykin et al., 1995) for total comissions and total omissions on the Adult Vigilance Task of the Gordon Diagnostic System (Gordon, McClure, & Aylward, 1996) . Scores in the language domain included normatively based T-scores on the Boston Naming Test (Kaplan, Goodglass, & Weintraub, 1983 ) and the Category Fluency Test (Gladsjo, Miller, & Heaton, 1999) . Scores within the executive function domain included Total Errors T-score on the Wisconsin Card Sorting Test-64 Card Version (Kongs, Thompson, Iverson, & Heaton, 2000) . Scores within the visual-spatial construction domain included age-scaled scores from the Block Design from the Wechsler Adult Intelligence Scale-IV (Wechsler, 2008) and Visual Reproduction Copy from the Wechsler Memory Scale IV (Wechsler, 2009 ). In addition, scores from the anxiety (PT: Psychasthenia) and Depression (D) clinical scales of the Minnesota Multiphasic Personality Inventory-2 (MMPI-2: Butcher et al., 2001) were collected from patient files, as were scores from the MMSE (Folstein, Folstein, & McHugh, 1975 ) and the MoCA (Nasreddine et al., 2005) . A cutoff of ≤26 was chosen to indicate impairment on the MMSE (Crum, Anthony, Bassett, & Folstein, 1993) . A cutoff of ≤25 was used to indicate impairment on the MocA, as suggested in the test manual. Administration of all measures took place as part of routine clinical care and followed the standard procedures as defined in the respective test manuals.
Statistical Analyses
Except where indicated, statistical analyses were calculated using SPSS Version 19 (SPSS, 2010) . Initial analyses consisted of computing the frequency with which patients scored below cutoffs on the MoCA and the MMSE. Next, independent t-tests were conducted to compare group differences in MoCA and MMSE scores between the group demonstrating cognitive impairment and the group not demonstrating cognitive impairment. The a was set at 0.05 for this and all other analyses. Cohen's d effect sizes, along with 95% confidence intervals (CIs) for these group differences were calculated using a computerized program provided by Devilly (2004) .
Linear regression analyses were conducted to evaluate the incremental validity of the MoCA compared with the MMSE in discriminating persons who demonstrated cognitive impairment versus those who did not. For the first analysis, MMSE score was entered in the first block and the MoCA score in the second block. The F (change) statistic was used to evaluate whether or not the MoCA contributed incrementally to the prediction of group membership. In the second analysis, the order of entry was reversed, with the MoCA score entered in the first block and MMSE entered in the second block. In the latter analyses, the usefulness of the MMSE in incrementally contributing to the MoCA in predicting cognitive impairment was evaluated by looking at the significance of the F (change) statistic.
A receiver operating characteristic (ROC) curve analysis was used to evaluate the usefulness of varying MoCA and MMSE cutoffs in predicting cognitive impairment. As part of the ROC analysis, the sensitivity and specificity of the MoCA and MMSE at various cutoffs was examined. After examining the sensitivity and specificity of the MoCA and MMSE at the cutoffs that were chosen a priori for this study, the Youdon Index was used to choose the optimal cutoff for each measure and then sensitivity and specificity were reconsidered. The Youdon Index is calculated by sensitivity + specificity 2 1 (Youdon, 1950) .
Following the ROC analysis, positive and negative predictive values (PPV and NPV) were calculated. As explained by O'Bryant and Lucas (2006) , PPV refers to the likelihood that an individual has condition X (i.e., cognitive impairment as evidenced by scoring ≤1.5 SDs from the mean on two cognitive domains on neuropsychological testing) given positive findings on test Y (i.e., falls below cut-off score on the MoCA; Glaros & Kline, 1988; McCaffrey, Palav, O'Bryant, & Labarge, 2003) . NPV is defined as the likelihood that the individual does not have condition X (i.e., is not demonstrating cognitive impairment as evidenced not scoring ,1.5 SDs from the mean on two cognitive domains on neuropsychological testing) given a negative finding on test Y (i.e., scores above cutoff on the MoCA; Glaros & Kline, 1988; McCaffrey, Palav, O'Bryant, & Labarge, 2003) . Both PPV and NPV were calculated using the formulae presented in O' Bryant and Lucas (2006) . An estimated base rate of the condition in question (in this case, cognitive impairment as evidenced by neuropsychological testing) is needed to calculate PPV and NPV. In the present study, a base rate of 35% was employed, as that was the percentage of patients who demonstrated cognitive impairment.
Results
The MoCA score was ≤25 in 48 patients, whereas the MMSE score was ≤26 in only 27 patients. With regard to those scoring in the impaired range on the MoCA, neuropsychological impairments on comprehensive testing were most frequently seen within the memory domain (54%, n ¼ 26/48), followed by attention (44%; n ¼ 21/48), language (40%, n ¼ 19/48), and executive function (38%; n ¼ 18/48). With regard to those scoring below the cutoff on the MMSE, neuropsychological impairments on comprehensive testing were also most frequently seen within the memory domain (63%, n ¼ 17/27), followed by attention (48%, n ¼ 13/27), executive function (37%, n ¼ 10/27), and language (33%, n ¼ 9/27). No one with an impaired MoCA score or MMSE score demonstrated impairment within the visual-spatial construction domain. Post hoc t-tests showed that, for patients who completed the MMPI-2 (n ¼ 73/82), there were no significant differences on the Depression and Psychasthenia scales between patients scoring above and below the cutoff on the MoCA. There were also no significant differences in Depression and Psychasthenia scores for those scoring above and below the cutoff on the MMSE.
Results of the t-tests showed that there were significant differences in MoCA and MMSE scores between the groups with and without cognitive impairment on neuropsychological testing (Table 2 ). The effect sizes for these group differences are considered large (Lipsey, 1990 ) and were 1.10 and 0.77 for the MoCA and MMSE, respectively. In the regression analyses (Table 3) , the MoCA added significantly to the MMSE in predicting cognitive impairment (R 2 change ¼ .11, p , .01). However, the MMSE did not add significantly to the MoCA in predicting cognitive impairment (R 2 change ¼ .01, p ¼ .298). Review of b-weights for the analyses suggested that the MoCA provided the greatest relative contribution in predicting group membership.
As shown by the ROC analysis, for the MoCA, the area under the curve of 0.777 (95% CI: 0.670 -0.883) suggests that the predictive information captured by the MoCA score was reasonably good. The same was true for the MMSE, where the area under the curve was smaller, but still acceptable at 0.679 (95% CI: 0.554 -0.805) (Fig. 1) . Using ≤26 as the cutoff, the MMSE was moderately sensitive (0.52) to cognitive impairment and had moderate specificity (0.77) ( Table 4 ). In comparison, the MoCA (cutoff ,25) had excellent sensitivity (0.86), but poor specificity (0.57). For the MoCA, using the optimal cutoff (i.e., ≤23) as determined by the Youden index, improved the specificity to 0.75, which was nearly equivalent to the MMSE, but decreased the sensitivity to 0.72, the latter of which was still far higher than the MMSE. Use of the Youdon index for the MMSE resulted in the same suggested cutoff as the one chosen apriori for this investigation (i.e., ≤26). As can be seen in Table 4 , using a cutoff of ≤23 on the MoCA resulted in a PPV of 0.61 and a NPV of 0.83.
Discussion
The primary aim of the present study was to examine the comparative utility of using the MoCA versus the MMSE to detect subtle cognitive impairment among middle-aged U.S. military veterans on a comprehensive battery of neuropsychological tests. The study was undertaken to both confirm early findings that the MoCA is more sensitive than the MMSE to subtle cognitive impairment and, also, to explore the possibility that the increased sensitivity of the MoCA is associated with an undesirable decrease in specificity. The findings of the present study were in line with the a priori hypotheses made. As predicted, below cut-off performance was seen with far greater frequency on the MoCA than on the MMSE. Specifically, the MoCA score was impaired in 59% (n ¼ 48/82) of the sample, while the MMSE was only impaired in 33% (n ¼ 27/82). Also, as predicted, using area under the curve analyses and hierarchical regression analyses, the MoCA was shown to be a better predictor of subtle cognitive impairment on neuropsychological testing than the MMSE. Analysis of the data using published cutoffs for the MMSE and MoCA (≤25 and ≤26, respectively) did bear out the concerns voiced by other researchers. Specifically, while the MoCA was more sensitive to cognitive impairment than the MMSE (0.86 vs. 0.52), it did indeed show poorer specificity (0.57 vs. 0.77). However, it should be noted that the specificity of the MoCA was greatly improved by adjusting the cutoff to ≤23, as suggested by the Youdon Index. Using that cutoff, the MoCA was nearly as specific as the MMSE at its optimal cutoff (i.e., 0.75 vs. 0.77), while remaining considerably more sensitive (i.e., .72 vs. 0.52).
Thus, given the small loss in specificity (0.02) with a substantial increase in sensitivity (0.20), results of this study support use of the MoCA (cutoff of ,23), as opposed to the MMSE, in identifying subtle cognitive impairment among a mixed group of middle-aged U.S. veteran outpatients referred for neuropsychological testing. In the present sample, in terms of PPV, using a MoCA cut-off of ≤23, a clinician would have a 61% probability of being correct in suspecting a patient of experiencing subtle cognitive impairment given a below cut-off performance on the MoCA. In terms of NPV, the same clinician would have an 83% probability of being correct in not suspecting cognitive impairment in a patient with above cut-off performance on the MoCA. While perhaps not ideal, these figures exceed estimates for the MMSE, which were 55% PPV and 75% NPV.
The use of a well-validated screening test to evaluate mental status can be a valuable clinic strategy, as it maximizes resources by allowing clinicians to quickly sort-out which patients are in need of more comprehensive, but time-consuming, neuropsychological testing. In this sense, sensitivity may be of greater importance than specificity because the goal is to identify as many patients as possible who are likely to demonstrate impairment on more extensive neuropsychological testing and who may, consequently, require further diagnostic procedures. The latter being the case, clinicians may do well to tolerate the loss of specificity using higher cutoffs of the MoCA to reap the benefits of a substantial gain in sensitivity when compared with the MMSE.
Future research may address the applicability of these findings to patient populations at various risk for cognitive impairment. In the present study, participants were either suspected of demonstrating cognitive impairment and/or were in a diagnostic group that is estimated to have a high base rate of cognitive impairment. Thus, the results of this study may not be representative of those that may be found in the general population. An attempt was made to compensate for the bias in our sample by using a high base rate of cognitive impairment when calculating the PPVs and NPVs of the MoCA and MMSE. However, statistically speaking, it is always true that PPVs will increase and NPVs will decrease with an increase in the base rate. As such, it may be that, in the general population, where the base rate of cognitive impairment is likely much lower, the MoCA and the MMSE would demonstrate lower positive predictive power and higher negative predictive power.
